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Antibiotics are used as prophylactic agents to promote growth and for 
treating infections in animals. However, the irrational use of antibiotics in 
livestock management is a significant cause of the development of antibiotic-
resistant genes in the environment. Each year 2 million people suffer from the 
infections caused by bacteria which are resistant to antibiotics and 23,000 of 
these people are estimated to die because of antibiotic resistance. New drugs 
are continually coming into the market but are at the risk of developing 
resistance. Thus, there is a need for the development of analytical methods 
which can be used to monitor these antibiotic concentrations in environmental 
samples. 
This research is focused on developing and validating a Solid Phase 
Extraction (SPE) procedure and liquid chromatography-tandem mass 
spectrometry (LC-MS/MS) method for quantifying tylosin antibiotic in cattle 
waste. Tylosin was extracted from cattle waste samples using Strata polymeric 
weak cation cartridges by adding a sodium-EDTA buffer solution and 
methanol. Chemical analysis of the extracted tylosin was performed using a 
Varian 212-LC HPLC and Agilent 500 Ion Trap mass spectrometric detector. 
x 
 
The concentrations of tylosin in study group animals were compared with 
respect to the date of sampling and cattle body weight with a control group and 




1. INTRODUCTION  
1.1 Background: 
Antibiotics are used in treating the infections caused by micro-
organisms. From their early discovery, antibiotics have been used 
tremendously in both humans and animals. Studies show that half of the 
antibiotics produced in the United States were used for agricultural sector viz. 
poultry, cattle feed and in food-producing animals. Antibiotics use in livestock 
feed for prophylaxis is as high as 25% to 50% of the total antibiotics produced.1 
In the early 2000’s it was estimated that 24.6 million pounds of antibiotics were 
used annually for nontherapeutic use out of which approximately 3.7 million 
pounds were used in the cattle.  
A major share of the antibiotics was being used in livestock compared 
to human use. Uncontrolled use of antibiotics resulted in the development of 
resistance. Most of the antibiotics (about 90%) administered to the animals are 
excreted unchanged in the form of feces and have longer half-lives in the 
environmental samples. When such manure containing the drug and its 
metabolites is applied to agricultural lands, it contributes to the emergence of 
antibiotic resistance in the soil bacteria by means of natural selection. The U.S 
(United States) stands among top five countries (Figure 1) with a major share 
of antibiotic consumption in food-producing animals in 2010 after China.2 
About 12% of the corn crop in the U.S receives an average of about 13,200kg 




Antibiotic resistance poses a threat to human life when transmitted 
through food products or through the environment resulting in the increase of 
untreatable infections.  It is estimated that by the end of 2050 there will be 
around 300 million premature deaths occurring due to antibiotic resistance, 
thus making most all infections untreatable.4  
1.2 Regulatory Agencies: 
Regulatory agencies like the CDC (Centers for Disease Control and 
Prevention) and the USDA (United States Department of Agriculture) have 
come up with the recommendations on the limited use of antibiotics for 
veterinary purposes.5                                                                          
Figure 1:  Statistics of countries with a major share of antibiotic consumption. 
The USDA in collaboration with the FDA has laid down the guidelines for 
agricultural industries (involving livestock) and veterinary doctors (regarding 
prescribing limits) to restrict the use of antibiotics. Along with the other 
regulatory bodies, the USDA has been continuously involved in developing 







































research and education.6 The  United States government started the National 
Action Plan for combating antibiotic-resistant bacteria in the year 2016, which 
aims at developing  “antibiotic stewardship” (the right type of antibiotic, right 
dose and right time) and also reduces the development of antibiotic resistance 
due to irrational use.6 The national action plan has come up with five important 
goals in collaboration with the U.S government and local bodies and foreign 
governments to be completed by 2020. The goals include; 6 
GOAL 1: Slow the Emergence of Resistant Bacteria and Prevent the Spread 
of Resistant Infections. 
Activities include effective and optimal use of antibiotics in preventing 
infections in animals, implementing health care policies and developing an 
antibiotic stewardship program. 
GOAL 2: Strengthen National One-Health Surveillance Efforts to Combat 
Resistance. 
Activities include the creation of a public health laboratory network for testing 
the resistance and the genetic characterization of bacteria, monitoring the 
sales of antibiotics, their usage antibiotic resistance and management 
practices at multiple points ranging from farms to supermarkets. 
GOAL 3:  Advance Development and Use of Rapid and Innovative Diagnostic 
Tests for Identification and Characterization of Resistant Bacteria 
Activities include the development of diagnostics for detection and 
characterization of resistant patterns to help health care providers to make 




GOAL 4: Accelerate Basic and Applied Research and Development for New 
Antibiotics, Other Therapeutics, and Vaccines. 
Activities include supporting basic and applied research, strengthening clinical 
trials for the development of new antibiotics and vaccines. 
GOAL 5: Improve International Collaboration and Capacities for Antibiotic-
resistance Prevention, Surveillance, Control, and Antibiotic Research and 
Development.  Activities include collaborating with all other countries to detect 
and analyze the problem of  antibiotic resistance because it is a problem  for 
all nations to work on collaboratively.6 
1.3 Macrolide Antibiotics: 
Macrolide antibiotics are the class of drugs which have broad-spectrum 
activity against gram-positive bacteria (Streptococcus and Staphylococcus) 
and limited activity against gram-negative and intracellular bacteria 
(Chlamydia and Rickettsia). Macrolides have been used as an alternative for 
cephalosporins and the penicillin class of drugs in treating the infections 
caused by gram-positive bacteria. Macrolide antibiotics derive their name 
“Macrolide” from the macrocyclic lactone ring with attached sugar molecules 
(Cladinose, Desosamine). The lactone rings are generally 14-membered 
(Clarithromycin, Erythromycin, Flurithromycin), 15- membered (Azithromycin) 







Figure 2:  Structures of (a) Erythromycin (14-membered), (b) Azithromycin (15-
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Mechanism of Action:  
Macrolides inhibit protein synthesis in the bacteria by binding to the 50-
S subunit of ribosomes which causes inactivation of the peptidyl transferase 
reaction (transpeptidation). The Erythromycin and streptogramin B class of 
antibiotics block the channel through which peptide chains are released 
(translocation). This results in the formation of premature peptidyl transferases 
which cannot participate in protein synthesis and thus result in the death of 
cells.7 
 
1.3.1 Tylosin  
Tylosin is a macrolide antibiotic found naturally as a fermentation product of 
Streptomyces fradiae and is used in promoting growth and treating infections 
in animals. It is a mixture of four components, tylosin A, tylosin B, tylosin C, 
tylosin D. Tylosin A comprises of 80% of tylosin.8 Tylosin acts by inhibiting 
protein synthesis in bacteria and is used to treat bovine respiratory complex 
(shipping fever, pneumonia) usually associated with Pasteurella multocida and 
Actinomyces pyogenes; foot-rot (necrotic pododermatitis) and calf diphtheria 
and liver abscess caused by Fusobacterium necrophorum and metritis caused 
by Actinomyces pyogenes in beef cattle and non-lactating dairy cattle.8 Bovine 
mastitis is the most prevalent production disease affecting dairy farms 
worldwide, accounting for 38.00% of the direct costs incurred by the dairy 
industry.9 Macrolides like tylosin and tilmicosin, when used for treating the 




and are passed to humans. These residues produce enterotoxins and are 
responsible for the development of antibiotic resistance.9  
Peak concentrations of tylosin were observed about 5-6 hours after I.V. 
injection in cows with a bioavailability of 70-80%. The elimination half-life (t1/2) 
of tylosin is 0.95-2.38 hours in young calves and 1.62-2.84 hours in cows. The 
primary excretion of tylosin in cattle is through feces.10  
1.3.2  Tylosin resistance and Mechanisms: 
In general, bacteria have intrinsic resistance mechanisms to survive 
from environmental threats which serve as a defensive mechanism against 
foreign and toxic components that include the presence of antibiotics. Most 
bacteria develop an acquired resistance by different mechanisms and become 
resistant to the antibiotics to which they were susceptible. The two major 
resistance mechanisms are (i) mutations in the gene and (ii) acquisition of 
foreign DNA (Deoxyribonucleic acid) that codes for resistance through 
horizontal gene transfer (HGT).11 
1.3.2.1 Mutational Resistance 
Mutations of the bacterial genes are the main cause for the 
development of resistance. The mutated genes result in the development of 
resistance by (i) decreasing the affinity of the drug activity, (ii) decreasing the 
uptake of the drug by bacterial cell, (iii) by efflux mechanism to expel the drug 
from the cells, and (iv) by modulation of metabolic pathways. Bacteria 





1.3.2.2 Horizontal genes transfer 
Bacteria acquire foreign DNA encoding for resistance through 
transformation or transduction or conjugation. These bacteria pass their 
genetic material to the future generations making susceptible bacteria 
resistant.11 S. fradiae has four resistant genes tlrA, tlrB, tlrC, and tlrD which 
are attributed to the development of tylosin resistance. trlA and trlD belong to 
the erm (erythromycin ribosomal methylation) methyl transferases gene family. 
The mechanism of resistance includes methylation of crucial rRNA nucleotides 
at the drug target site which impairs the drug activity. trlA causes dimethylation 
to the N6 position of the A2058 nucleotide in 23sRNA whereas tlrD causes the 
addition of one methyl group at the same position (Figure 3). 
Figure 3: Normal and Enlarged binding sites for tylosin (a) tylosin binding to A2058 
nucleotide. (b) The enlarged target for tlrB methyl transferase at G748 and 
impaired tylosin binding. (c) An enlarged target for tlrBD methyl transferase at 
A2058 and impaired tylosin binding.12  
               (a)                                                         (b)                                                (c) 
tlrC is an efflux pump that extrudes the drug from the cells and is the main 




high tylosin resistance (Figure 3). tlrD methylation causes a high potential of 
resistance in lincosamides whereas tlrA dimethylation is highly responsible for 
macrolide, lincosamide and streptogramin-B resistance.12 
1.4 Solid Phase Extraction 
Solid Phase extraction (SPE) is a sample preparation technique used 
to separate analytes suspended or dissolved in a liquid mixture based on their 
physical and chemical properties. SPE solid support consists of functionally 
bonded silica groups with carbon chains that are derivatized with different 
functional groups. 
1.4.1 Principle of SPE: 
Separation of analytes from the compound mixture by SPE is based on 
the principle of adsorption or partition of the analyte molecules between the 
solid phase (the sorbent) and the liquid phase which is a sample containing 
the analytes. Different types of SPE separations are possible depending on 
the solid packing like reverse-phase, ion exchange, adsorption, and normal-
phase SPE. Weak- cation exchange SPE sorbent contains aliphatic carboxylic 
groups bonded to silica which bind to the analyte molecules (Figure 4). The 
Carboxylic group is weak anion and will be ionized at 2 pH units above the 
surface pKa (Dissociation constant) of 4.8. Trapped Cations can be recovered 
by rinsing the weak-cation SPE cartridges with a solution at least 2 pH units 












1.4.2 Steps in SPE:14 
SPE involves the steps of conditioning, loading of the sample, washing, and 
elution.13 
Conditioning:  
Cartridges are equilibrated, and the adsorbent is solvated before loading the 
samples. 
Loading:  
In the loading step, samples are passed dropwise through the cartridges under 
vacuum. 












In the washing step, the cartridges are washed with solvents to remove any 
dirt and unwanted compounds from the analyte. 
Elution:  
COOH groups are acidic and exist as COO-- above pH 4.0. So, carboxylic ions 
form interactions with the cationic analytes. To disrupt these interactions and 
to elute the analyte either acidic or basic solution in methanol is used. 
1.4.3 Advantages of SPE: 
• SPE aids in separating analytes from complex matrices like blood, 
tissues and environmental samples. 
• Clean-up of samples which interfere with the analyte and poses 
difficulties with instrumental analysis 
• Decreases ion suppression of analyte by the matrix components and 
therefore increases the signal response by improving the 
chromatogram of the analyte. 
• Lesser use of solvents can be used as compared to traditional liquid-
liquid extractions.  
As a result, the chromatographic signals of the samples with trace 
concentrations can be enhanced. 
1.5 Proposed Research: 
The purpose of the study is to develop an SPE-LC/MS/MS (Solid Phase 
Extraction- Liquid Chromatography / Tandem -Mass Spectrometry) method for 




being applied as manure for land application. The concentration of the tylosin 
in study group animals which received tylosin in the feed is compared with a 























The rate-limiting step in the instrumental analysis determination of 
analytes in environmental samples is sample preparation. Cattle waste matrix 
has many complex substances which cause difficulties when being introduced 
into an MS. When using MS with ESI (Electrospray ionization), matrix 
interference causes suppression of ions and results in non-uniform peaks. This 
interference can be overcome by extensive sample purification processes, 
such as the use of Solid Phase Extraction (SPE). Many analytical methods 
were developed using different SPE cartridges for biological samples 
containing tylosin such as cyano-propyl non-end capped SPE 
cartridges(500mg)16, Benzene sulfonic SCX cartridges (strong-cation 
cartridges) SPE cartridges17, C-18 cartridges18, and HLB (Hydrophilic-
Lipophilic Balance) cartridges.19  
 Civitareale et al.16 developed a method for the isolation of tylosin using 
SPE which is a two-step process wherein the samples are loaded onto the 
cyano-propyl non-end-capped SPE columns and further loaded onto an 
alumina column. The recovery of tylosin was 81.74%, 58.91%, 67.30% in 
cattle, swine and poultry feed respectively. But the process of including an 
alumina column cleanup was cumbersome.16 
 De Liguoro et al17 developed an HPLC(High-Performance Liquid 
Chromatography) procedure for the extraction of tylosin from pig tissues using 




up before LC-MS/MS analysis.. The recovery of tylosin using this method was 
77.63 ± 5.09% in fat, 78.89 ± 5.92% in kidney, and 85.26 ± 6.76% in muscle.17  
Pietro et al.18 used C-18 cartridges for tylosin extraction from the six 
commercial medicated feeding stuff for swine, two for poultry and two for cattle 
(calves). The recovery of tylosin was found to be 82.1%. This one step SPE 
procedure gave good recovery with an isocratic mobile phase when analyzed 
by LC-UV.18 Zheng et al19 used HLB (Hydrophilic Lipophilic Balance) 
cartridges to extract tylosin from royal jelly. Their method gave 89.07-93.05% 
tylosin recovery.19  
Song et al.20 also detected tylosin concentrations by extracting the 
tylosin from livestock farm surface water using HLB cartridges 20. 
Studies were also carried out on the quantification of tylosin resistant 
genes in the animal waste applied as manure to agricultural lands. Garder et 
al.21 quantified tylosin resistance genes ermB, ermF, ermT in the samples from 
the agricultural fields to which liquid swine manure was applied. These genes 
belong to erm (erythromycin ribosomal methylation) the methyl transferases 
gene family and cause the methylation of rRNA at the drug target site resulting 
in the development of resistance. QPCR (Quantitative, real-time Polymerase 
Chain Reaction) studies showed 5.7 × 105 cfu (colony forming units) g-1 
enterococci in the samples collected out of which 4.0 × 105 cfu g-1 (70%)18  
were resistant to tylosin.21 Methylation of G748 in 23S rRNA in S. fradiae by 
tlrB was thought to be the reason for the development of resistance by bacteria 




mutations in 23S rRNA caused by methylation of G748 were still susceptible. 
They carried out gene knockout studies and found that the synergistic effect 
of tlrD and tlrB genes was responsible for the tylosin resistance. Neither tlrD 
nor tlrB alone can confer resistance to tylosin.12 Cloning and nucleotide 
sequencing studies of erm X genes of  A. pyogenes from the cattle treated with 
tylosin antibiotic were (22.9% of the total tested strains) resistant to tylosin.22   
Table 1: Concentration of tylosin resistance genes in manure, water and soil 
samples.21 
 
Joy et al.23 investigated the fate of tylosin resistance genes erm(B) and erm(D) 
in the anaerobic digestion of swine manure containing tylosin. The relative 
abundance of erm(B) genes increased consistently compared to erm(F) in a 
40-day study. The genes remained persistent even after the degradation of 
the parent form of tylosin.23 Although the reported methods could quantify 
tylosin in various biological samples like kidney, liver tissue, milk, and honey, 
there were not many methods available for quantifying tylosin in cattle waste 









(copies g-1 ) 
Mean 
concentration 











ermB 8×108 (2010) 
6×1012 (2011)  
9×103 4×108 
ermF 4×107  (2010) 
3×1012 (2011) 
2.4×105 9×1011 




3. MATERIALS AND METHODS 
An optimized SPE-LC/MS/MS method was developed in this work to 
determine the presence of tylosin in the cattle waste. This method was applied 
to quantify tylosin in the cattle waste samples from the cattle which received 
tylosin in the form of feed and in control cattle that did not receive tylosin.  
3.1 Chemicals 
Tylosin tartrate for standard solutions preparation was purchased from 
DK Chemicals (Delhi, India). Tylosin phosphate for the study was purchased 
from Elanco Animal Health.  All solvents (methanol and water) were of HPLC 
or LC-MS grade and were purchased from Sigma Aldrich.  Sodium dihydrogen 
phosphate (reagent grade), ethylene diamine tetra-acetic acid disodium salt 
(Na2-EDTA, reagent grade) citric acid monohydrate (reagent grade) were also 
purchased from Sigma Aldrich. A Phenomenex SPE manifold was used to 
carry out the SPE experiments. 
3.2 Experimental Setup: 
This study was conducted in collaboration with scientists from the 
USDA-ARS in Bowling Green, Kentucky. The purpose of the study is to 
establish a relationship between in-feed tylosin and fecal tylosin 
concentrations in the control group and study group animals. 
3.3 Sample collection and Experimental Set-Up: 
Twenty calves were randomly selected and divided into two groups 
based on body weight. One group (ten) of cattle (study group)  received tylosin 




the study and the other group (ten) were treated as the control group which 
received only feed without tylosin. Sampling was done directly from the rectum 
of the cattle using gloves on the day “0” both from the control and study group 
and thereafter periodically for one year 240 samples were collected over a 
one-year study period and stored at -20°C. 
The samples were thawed at room temperature for one day and freeze 
dried. The dry weight cattle waste was used to prepare the samples for 
analysis. Since the fecal samples collected from the cattle have different 
proportions of water, freeze drying is done to avoid any bias during weighing. 
Freeze dried samples are then cleaned using the optimized SPE extraction 
method and analyzed on LC-MS/MS. 
3.4 Optimized Sample Extraction by SPE: 
After carrying out numerous method trials from the literature, an 
optimized SPE method was developed. SPE of tylosin was carried out on weak 
cation exchange polymeric solid phase extraction (SPE) cartridges (Strata-X-
CW, 1g,12-ml, Supelco, Bellefonte, PA) by weighing 1.5g of control samples 
(cattle waste of the animals collected from the pen-surface which are not a 
part of the experiment were extracted using SPE and analyzed. There was no 
tylosin detected) and adding 10--ml of 0.2M EDTA-McIlvaine buffer, pH 4.0 in 
to a 50-ml centrifuge tubes. Mcllvaine buffer is a mixture of 0.20 M dibasic 
sodium phosphate and 0.10 M citric acid in a 5:8 ratio whose pH is adjusted to 
4.00±0.05. The tubes were then vortexed for 30 seconds and sonicated for 15 




for 20 minutes at 4500 r.p.m (revolutions per minute). After centrifugation, the 
supernatant was collected, and the procedure was repeated. The 
supernatants were combined, and the pH of the final solution was adjusted to 
6.0 using 1M sodium hydroxide. The samples were again centrifuged for 20 
minutes because they became turbid after pH adjustment. This was done to 
avoid cartridge blockage. After centrifuging again, the supernatants were 
loaded on to the cartridges. 
Strata-X-CW cartridges were conditioned with 10-ml of pH 6.0 methanol   
(2×5-ml) followed by 10--ml of HPLC grade water (2×5-ml). After conditioning, 
the samples were then loaded onto the SPE cartridges and allowed to pass 
through the cartridges at a flow rate of ~1--ml/min. The cartridges were washed 
with the same solvents used for conditioning and dried for 30minutes under 
vacuum. The tylosin was then eluted with 20--ml (2×10-ml) of methanol (pH 
1.0, adjusted with conc. sulfuric acid) and blown down to dryness using 
nitrogen concentrator with a stream of nitrogen gas at 30°C. The dried samples 
were reconstituted in 1-ml methanol, filtered through a 0.22 µm nylon filter, and 
transferred to 2 -ml glass vials for LC-MS/MS analysis. 
 All the samples, including calibration standards and standards for 
method development, were prepared in the same way to consider the credible 





3.5 LC-MS/MS analysis: 
 Tylosin analysis was performed using a Varian 212-LC HPLC and an 
Agilent 500 Ion Trap mass spectrometer detector (Agilent Technologies, Palo 
Alto, CA) with a Kinetex-C-18 column (100 mm x 4.6 mm ID, 2.6 µm); the 
injection volume was 20 µL. The mobile phase consisted of 0.1% formic acid 
in water (solvent A), and 0.1% formic acid in acetonitrile (solvent B). A gradient 
program was used for the mobile phase (Table 2). The flow rate was 
300µl/minute throughout the gradient run. 








Positive mode ESI was used as an ionization source. Full-scan mode of tylosin 
showed a precursor ion with 916m/z ratio and product ion at 772m/z. Excitation 
amplitude was set at 0.90 V. Other   MS parameters were maintained as 







%A %B Flow(µl/min) 
0 80 20 300 
2 40 60 300 
7 40 60 300 

























S:No MS Parameter Value 
(unit) 
1 Capillary voltage 80 V 
2 Spray shield voltage 600V 
3 Nebulizer pressure 40.0psi 
4 Drying gas pressure 15.1 psi 
5 Drying gas temperature 400° C 




4. RESULTS AND DISCUSSIONS 
All control samples and standard samples employed in the method 
development were from cattle which did not receive any tylosin throughout the 
study. Preliminary SPE extractions were carried out using the control samples 
to test for the absence of tylosin. Method trials were conducted with slight 
modifications to the procedures referred to in the literature (Appendix Table 1) 
and the results were compared to the control spiked after SPE extraction (post-
SPE spike) to compensate the matrix losses.  Many of the reported methods 
failed to give us the reported high recoveries. Our research progressed from 
using different strength and types of solvents to using different types of 
cartridges, different ranges of pH to different pHs of elution solvents. Although 
some of the methods gave high recoveries, the results were not accurate and 
reproducible.  
One of the possible reasons for low recoveries was thought to be 
because of the interaction of tylosin with the matrix components of cattle 
waste. Matrix effects were studied using 10 -ml of 0.1M EDTA-McIlvaine buffer 
(0.2M disodium hydrogen phosphate,0.1M citric acid), pH 4.0 to displace any 
drug interactions with the matrix EDTA (Ethylenediaminetetraacetic acid) -
McIlvaine buffer components, owing to the strong chelating power of EDTA. 
4.1 Method trials 
Some of the SPE methods reported in the literature were repeated with 
minor modifications but tylosin concentrations recovered were low (Table 1 




weak and strong cation cartridges. But the recoveries of tylosin did not 
improve. 
Procedure: 
To 0.5g of cattle waste, 10-ml of EDTA-McIlvaine buffer and 10-ml of 
methanol was added. The tubes were sonicated for 15 minutes after vortexing 
for 30 seconds. Then the tubes were centrifuged for 15 minutes at 4500 r.p.m 
and supernatants were collected. The procedure was repeated, and the 
supernatants were mixed and 75ppb (parts per billion) of tylosin was spiked 
into one of the samples (Pre-SPE spike1). The pH was adjusted to pH-6.0 with 
1M NaOH and SPE was carried out. To the second sample, tylosin was spiked 
after SPE to compare the results. Strata-X-CW 33µm polymeric weak-cation 
cartridges, 500mg/6-ml tubes were used, and the loading capacity of the 
cartridges was maintained at a flow rate of 1-ml/minute. 
Result &Interferences:  
The recovery of tylosin was found to be 76.5% compared to post SPE. 
Post-SPE tylosin was used to compare the results to avoid matrix biased 
results. Even though the EDTA-buffer was used there was still a loss of tylosin. 
4.2 EDTA-water extractions 
To confirm whether the matrix effect was the main reason for tylosin 
loss we carried out extractions in DI (Deionized water) water. 
 
                                            
1 Pre-SPE spike- Standard tylosin spiked into supernatant of control cattle-






 Extractions were carried out in 10-ml of water instead of cattle waste 
and following the same steps as discussed above. 
Observation: 
There were no peaks of tylosin in water which shows clearly that cattle 
matrix is not the reason for the lesser recoveries of tylosin. 
Inference: 
The reason for the low recovery of tylosin could be due to using of 
solvents, methanol and DI water whose pH’s were 7.2 and 4.0 respectively. 
Tylosin has a pKa 7.73. Any change in the pH (decreasing or increasing above 
pKa) during the sample extraction (washing step in SPE) resulted in the 
complete loss of tylosin (Figure 6(a)) or low recoveries, Figure6 (b)) from the 
SPE cartridges compared to the standard (Figure 6 (c)). 
Figure 6: Chromatogram of tylosin samples at (a) pH-2.3 (b) pH-6.9 (30.5% 




















The other possible reason could be ionization of the SPE surface at elution 
solvent pH (e.g. Methanol: pH-3.5, adjusted with 2M sulfuric acid). This can be 
explained by the Henderson–Hasselbalch equation for weak-acids. Since 
COOH groups of weak-cation exchange cartridges are weak-acids at pH-3.5 
the ionization reaction would be;  
   
 
 
      Unionized acid                Conjugate base  
Ka – Base dissociation constant which is equal to  
Ka = [H+][A-] / [HA] 
pKa of carboxylic acid groups of weak-cation cartridges is 4.0. At pH 3.5 
presumably the ratio of ionized to unionized molecules increases. As a result, 










interaction between tylosin and the SPE membrane may hinder the passage 
of tylosin from the SPE cartridges during the elution step. 
4.3 Strata-C-18 extractions 
Since the pH of the solvents employed in the SPE did not yield greater 
recoveries of tylosin. SPE extractions were next carried out using strata-C-18 
cartridges with changes in the volume of the solvents used in the washing step. 
Procedure: 
Same SPE procedure described earlier was used on C-18 cartridges, 
but without pH adjustment. Washing of SPE columns with water was 
considered as the reason for the loss of the tylosin from the cartridges. 
Changes were made in the washing step (SPE cartridges were washed 
with 5-ml, 10-ml, and 0-ml water, respectively). With 0-ml water, no peaks of 
tylosin were observed when analyzed whereas with 5-ml and 10-ml washing 
volumes, tylosin recoveries did not increase beyond 50%. (Figure 7). Changes 
in the volume of SPE washings did not improve tylosin recovery. 
Inference: 
The pH of water might be the reason for low recoveries, but not the 





 Figure 7: Chromatogram of tylosin samples of C-18 SPE with 0, 5,10-ml 
water washings. 
 
4.4 Extractions using Strata-X-C strong cation cartridges: 
Strata-X-C 33µm polymeric strong cation, 500mg/6-ml tubes were tried next. 
Procedure  
To 0.5g of cattle waste, 10-ml of EDTA buffer and 10-ml of methanol 
were added. Pre and post-SPE spikes were done. The sample pH was 
adjusted to 5 (99% of tylosin will be charged). During SPE 6-ml of methanol 
was used for conditioning followed by equilibrating the cartridges with 6-ml of 
acidified (pH-6.0) water. The samples were then loaded onto SPE cartridges. 
Washing were carried out using 6-ml of pH 6.0 acidified water and 6-ml 
methanol (HCl was used to adjust the pH).  Elution was carried out using 2x3-
ml of 5% NH4OH (Ammonium hydroxide) in methanol at pH of 10.There were 
no peaks of tylosin from Pre-SPE and post-SPE spiked samples. 
Inference:  
Strong cation cartridges might have strongly retained tylosin on the cartridges 




4.5 Extractions using Strata-X-CW 1g/12-ml tubes: 
500mg/6-ml SPE Strata-X-CW tubes were used for greater quantities 
of cattle waste samples (0.5g). The possible reason for the low recoveries of 
tylosin from earlier Strata-X-CW studies might be the smaller bed mass of the 
sorbent. The bed mass was not large enough to collect enough tylosin to 
detect.  In order to increase the recovery percentage of tylosin, extractions 
were carried out on the bigger volume cartridges (Cartridges with 1.0g sorbent 
mass) using the same procedure as the smaller cartridges (0.5g). The 
recovery of pre-SPE2 spike sample was 77.5% (Figure 8 (a)) of the post-SPE3 
spike tylosin sample (Figure 8 (b)).   
Figure 8: Chromatogram of (a) Pre-SPE spike (75ppb) (b) Post-SPE spike 
(75ppb). 
.                                  
               (a)                                                                    (b 
                                            
2 Pre-SPE   Supernatant of control cattle waste samples were spiked with standard tylosin 
before loading them onto the cartridges. 
3 Post-SPE- Standard tylosin was spiked on the control cattle waste samples after SPE and 
before concentrating. Tylosin recovery from post-SPE is used to compare the results in order 




4.6 Modifications using Strata-X-CW 1g cartridges:                                        
 Washing volumes during SPE step were increased for the larger bed 
volume cartridges to increase tylosin recovery. 8-ml, 10-ml, 12-ml washing 
volumes were used for methanol and water washes. (Figure 9). The pH issue 
was resolved by carrying out the SPE procedure under strict pH conditions of 
pH6.0 throughout the SPE procedure and using 10-ml of methanol (pH 6.0) 
and 10-ml of DI water(pH 6.0) and eluting with Methanol (pH 1.0). 
Figure 9: Chromatogram of (a) Pre-SPE spike-8-ml (b) Pre-SPE spike-10-ml 
(c) Pre-SPE spike-12-ml.  









Result and Inference: 
The recovery of tylosin (pre-SPE spike) from 8 -ml, 10 -ml, and 12 -ml 
washings was found to be 74.6%, 93.17%, 74.7% respectively compared to 
their post-SPE spike sample washings. The reason for the lower recovery of 
tylosin from 8-ml washings when compared to the 10-ml washings (Figure 9 
(a) & (b)) may be due to the insufficient amount of washing solvents needed 
to neutralize the interactions between the SPE sorbent and tylosin ions. 
Whereas the 12-ml of washing volumes might have caused less recovery of 
tylosin due to more neutralization interactions between the tylosin molecules 
and the sorbent. Because of more neutral interactions, tylosin might have been 
passed out of the cartridges before being eluted.  
In contrast, 10-ml of washing solvents gave higher recoveries 
compared to 8-ml and 12-ml washing volumes. So, 10-ml of solvents 
(methanol (pH 6) and HPLC grade water (pH 6) was thought to be the optimum 




tylosin. Since the 10-ml washings resulted in maximum recovery, further 
extractions were carried out on larger volume cartridges with a 10-ml washing 
volume. 
4.7 Spike, pre-SPE spike, post-SPE spike extractions using 1g 
cartridges: 
Since the 1g cartridges were giving greater recoveries, further extractions 
were carried out using these SPE cartridges with a 50ppb tylosin 
concentration. Pre-SPE spike, spike4, and post-SPE5 spike experiments were 
conducted. (Figure: 10.1) 
 Figure10.1: Chromatogram of 50ppb (a) Standard in methanol (b) Pre-SPE 
spike (c) Post-SPE spike and (d) Spike  
               
          (a)                                                                         (b) 
                                            
4 Spike- Standard tylosin spiked directly on to the control cattle-waste samples before 
starting   the SPE procedure. 
5 Post-SPE spike- Standard tylosin spiked directly on to the control cattle-waste samples 




                              (c)                                                                   (d) 
Inference:  
The recovery of post -SPE was found to be 81.9% of the sample containing 
tylosin in methanol (Figure: 10.1 (a)) but for the spike (Figure: 10.1 (d)) and 
pre –SPE spike (Figure: 10.1 (d)) we could not recover any tylosin. We 
eluted the same (used) 50ppb cartridges with 10-ml of acidified methanol and 
analyzed (Figure: 10.1 (c)). 
Figure 10.2: Chromatogram of (a) 50ppb post-SPE spike (b) 50ppb spike 
tylosin. 
                        





The recovery of tylosin was found to be 95.7% (Figure 10.2 (b)) compared to 
Post-SPE spike (Figure 10.2 (a)). 
4.8 Optimized SPE method: 
After carrying out the experiments using different methods described in 
the literature, we found that our developed method employing 1g SPE weak-
cation cartridges with EDTA buffer gave us recoveries of above 90%. The only 
limitation was that the larger elution volume (20-ml) takes more time to blow 
down. The developed method was validated for its linearity (calibration curve), 
accuracy, LOD (Limit of Detection), LOQ (Limit of Quantitation), reproducibility 
and applied to quantify tylosin containing real samples. Also, the tylosin 
resistance genes will be identified and quantified by DNA and sequencing 
studies by PCR (Polymerase Chain reactions). 
4.9 Validation Parameters: 
Validation of the newly developed analytical method ensures the 
reliability of the method and analytical instrument. Validation characteristics 
which were considered for this study are                                                                                 
• Linearity. 
• Recovery. 
• Limit of detection (LOD) 





The dynamic linear range of the detector is the change in the response 
given by the detector with change in the  analyte concentration. The response 
provided by the detector is directly proportional to the concentration of the 
analyte in the case of dynamic linearity.  
The calibration curve with a high r² value indicates the closeness of data 
points to the fitted regression line. 
Procedure: 
A six-point calibration curve was obtained with six different 
concentrations of standard tylosin spiked into cattle waste samples containing 
no tylosin (Figure 11). The concentrations that were spiked are; 10ppb, 25ppb, 
50ppb, 75ppb, 100ppb,200ppb. 
Inference: 
The response given by the instrument was proportional to the 
concentration and R² value was0.9993. 











4.9.2 Recovery:                                                                                            
Recovery is the detector analyte response ratio of the analyte added to 
and extracted from the biological matrix at a given concentration. Recovery of 
analyte need not be 100% but should be consistent, precise and reproducible. 
Procedure: 
For calculating the recovery of tylosin with the developed method, cattle 
waste samples (4 samples each experiment) were extracted using the 
developed SPE method and the recovery of the tylosin was calculated without 
and with tylosin spiked at 50 ppb using LC-tandem mass spectrometer. 
Inference: 
The mean percent recovery of tylosin was found to be 107±1 (Table 3). 
The possible reason for more than 100% recovery was due to an interference 
of the matrix signal with that of tylosin. The results were also found to be 
reproducible. The samples which were not spiked with the tylosin did not give 
any response when analyzed.                                                                            








% recovery SD 
50 6337 53.42 107 
 
50 6279 52.8 106 
 
50 6349 53.55 107 
 
50 6385 53.94 108 
 
  




4.9.3 Limit of detection (LOD):                                                                                         
The limit of detection (LOD) is an instrument parameter defined as the 
lowest concentration an instrument can detect which is not necessarily 
quantifiable.24  
Procedure: 
For calculating the LOD, seven cattle waste samples were spiked with 
50ppb tylosin. The LOD was then calculated using the standard deviation 
among the seven samples using the formula. 
 
L.O.D-Limit of Detection. 
S.D- Standard Deviation. 
S- Slope from the calibration curve. 
Inference 
The LOD was found to be 24ng/g of the sample. 
Table 5: Data for LOD for tylosin. 
Conc. 
(ppb) 









50 16729 10481 80 
  
50 12653 10481 60 
  
50 14233 10481 68 
  
50 12166 10481 58 8.1 24 
50 12039 10481 57 
  
50 12373 10481 59 
  







4.10 Tylosin quantification: 
Although twenty animals, ten in each of control and study group were used for 
this study, data from five animals from each group was used for comparison. 
This is because cattle waste collected from some animals was too small to be 
used for extraction or samples from a given month was missing. To better 
understand the pattern of tylosin concentration over a period of one year we 
selected animals that had samples collected in a regular fashion.  
The ID numbers of the control group were, US-2, US-13, US-15, US-9, US-5, 
while that of study group included US-1, US-4, US-6, 6709,6712 whose body 
weights, were also taken into consideration while sampling. In all control group 
animals, tylosin was either not detected or below the detection limit of 24ng/g. 
In the case of the tylosin study group, the concentration of tylosin followed 
different trends in different animals based on their body weights. For US-6   in 
the month of April 2017, the concentration of tylosin was BDL* (Below 




Figure 12: Relationship between body weight and tylosin concentrations in US-
6 cattle over a one-year study. 
 
From May 9, 2017, the animals started receiving tylosin in the form of feed and 
tylosin was detected on May 30, 2017, and increased on June 26, 2017, 
sample (102ng/g of the cattle waste) with an increase in the body weight of the 
animal. But the tylosin concentration decreased in the samples from the 
months of July and October 2017. Again, it increased in the sample from 
November 27, 2017 sample (99.6ng/g of cattle waste) and was maximum on 
January 8, 2018 (Figure 12) sample. Further sampling might have provided a 
better picture of the fate of tylosin, but the samples were not available from 
February 2018. The concentration of tylosin in the samples was not 



























































Tylosin concentration and body weight of the animal 
Vs Sampling date



















BDL*- Below detection limit. 
The concentration of tylosin increased with an increase in body weight (Table 
7) of the cattle in US-1 samples until   June 26, 2017 (127.5ng/g of cattle 
waste) and showed decreased concentration in the sample from July 31, 
2017 (54.5ng/g of cattle waste). Whereas on August 30, 2017, the 

















25-Apr -14 502 228 BDL** 
30-May 21 612 278 81.8 
26-Jun 48 640 290 102.6 
31-Jul 83 692 314 40.7 
31-Jul 83 692 314 44.8 
30-Oct 174 1000 454 39.4 
27-Nov 202 1095 497 99.6 
08-Jan 244 1270 576 125.8 
08-Jan 244 1270 576 116.4 





































tylosin (ng/g of tylosin) 
25-Apr -14 436 198 BDL* 
9-May 0 470 213 BDL* 
16-May 7 471 214 BDL* 
30-May 21 522 237 79.5 
26-Jun 48 538 244 127.5 
31-Jul 83 622 282 54.5 

















































Tylosin concentration and body weight of 
the animal Vs Sampling date




US-4 animals had the highest concentration of tylosin on November 27, 2017 
(242.2ng/g of cattle waste). No tylosin was detected in the sample from April 
25, May 16 and 30, 2017 samples(Figure 14)   but significant amounts were 
recorded on June 26, July 31, August 30 and October 30, 2017 samples 
(Table 8). 









Table 8: Concentration of tylosin from the animal feces. 
BDL*- Below detection limit. 
Sampling date days post 
treatment 
BWT-lb BWT-kg Concentration 
of tylosin (ng/g 
of tylosin) 
25-Apr -14 403 183 BDL* 
16-May 7 433 196 BDL* 
30-May 21 476 216 BDL* 
26-Jun 48 482 219 37.1 
31-Jul 83 534 242 40.7 
30-Aug 113 616 279 38.2 
30-Oct 174 778 353 38.4 




















































Tylosin concentration and body weight of the 
animal Vs Sampling date





The May 16, 2017 sample of animal 6709 contained the highest 
concentration of tylosin among all the samples of the study group (278.2ng/g) 
but in the case of animal 6712, the highest concentration was recorded on the 
May 30, 2017. 


























tylosin (ng/g of 
tylosin) 
25-Apr -14 614 279 BDL* 
9-May 0 682 309 BDL* 
16-May 7 684 310 278.2 
30-May 21 738 335 149.3 
26-Jun 48 746 338 137.9 
31-Jul 83 820 372 99.6 
30-Aug 113 938 425 72.4 
27-Nov 202 1200 544 152.3 
8-Jan 244 1370 621 221.9 




Figure 15: Tylosin concentration and body weight in US-6709 cattle over a 
one-year period. 
 

















BWT-lb BWT-kg Concentration of 
tylosin (ng/g of 
tylosin) 
25-Apr -14 422 191 BDL* 
16-May 7 487 221 118.6 
30-May 21 534 242 126.8 
26-Jun 48 550 249 114.5 
31-Jul 83 626 284 BDL* 
30-Aug 113 740 336 21.6 
26-Sep 140 778 353 21.4 
30-Oct 174 902 409 57.1 
27-Nov 202 992 450 176.2 
8-Jan 244 1170 531 152.6 
































































Tylosin concentration and body weight of the 
animal Vs Sampling date




Tylosin concentration decreased in the 6709 samples from June 26, 2017, to 
August 31, 2017samples, and again started to increase on November 27, 
2017, and January 8, 2018 samples (Figure 15) and was BDL (Table 9) in the 
February 28, 2018, 6709 cattle waste sample (Figure 16). But the 
concentration of tylosin was found to be 88.9ng/g   in the 6712 samples (Table 
10). 












The concentration of tylosin in the study group animals was not dependent on 
the body weight of the animals. The monthly average concentrations of tylosin 
were plotted against time (Figure 17).When considering averages for tylosin 
concentrations the samples below the detection limit were assigned the 
























































Tylosin concentration and body weight of the animal 
Vs Sampling date




concentration of tylosin from the month of April to May, 2017 and then it started 
to decrease from June-2017 to September-2017..  










There was slight increase of tylosin concentration in October-2017 but 
significantly higher concentrations were found in November-2017.Tylosin 
concentrations began to decrease in January-2018 (little decrease) and 
February-2018 (rapid decrease). From the above data it is clear that the body 
weight has no effect on the tylosin concentrations. The sampling month has 
little effect on tylosin concentrations. The reason might be the different rates 
of metabolism in animals. In spring (April, May and June) higher 
concentrations of tylosin were found in fecal samples.  This might be due to 
higher metabolism rates in the animals whereas during the colder months 
(January and February) tylosin concentrations started to decrease in the 
























































be other internal factors affect the rate of feed (with tylosin) intake and 
ultimately reduce the concentration of tylosin in the feces. 
 Also, the enzyme activity in different animals might be the other reason for 
varied concentrations of fecal tylosin. Enzymes in some animals could have 





















5. CONCLUSION AND FUTURE STUDIES 
A solid phase extraction liquid chromatography-tandem mass spectrometric 
method was developed to determine the concentration of tylosin in cattle-
waste samples. The results from a tylosin treated study group animals were 
compared with a control group taking into consideration the effect of cattle 
weight. The method was able to determine the concentration above the 
detection limit of 24ng/g. For data consistency, some of the samples were 
analyzed in duplicates and the method was able to give reproducible results. 
Although there were several disparities in the data, the substantial result is that 
considerable concentrations of tylosin antibiotics were detected in the cattle 
waste samples. These concentrations are of extreme importance for the 
determination of antibiotic-resistant genes present in the environmental 
samples like water and  soil as the bacteria present in these environmental 
samples can acquire these resistant genes through conjugation and become 
resistant to the antibiotics. Also, when water and the crops grown on the 
contaminated soils is consumed by humans there are high chances for the 
bacteria present in the gut to acquire the resistant genes. The final 
consequences in animals, environment and in humans are the development 
of resistance to the antibiotics. 
 The concentration of tylosin varied in cattle under persistent conditions (same 
amount of feed with the same concentration of tylosin). Body weight has little 
or no effect on the concentration of tylosin found in the cattle waste. Even 




responsible for different concentrations of tylosin. Such as different animals 
having a different rate of metabolism towards tylosin. The enzymes 
responsible for the metabolism of the drug might also have affected the 
concentration of tylosin. Drug metabolizing enzymes activities differ in different 
animals and is affected by xenobiotics, hormones, and sex. A proper 
understanding of the underlying biochemical process in the cattle would clarify 
the fate of tylosin in the cattle waste.  
This study can be further extended to samples obtained from cattle 
receiving tylosin for prophylactic treatment. The method can be applied to 
determine the concentration of tylosin antibiotics in environmental samples 
such as water, soil, and manure. Also, antibiotic-resistant genes can be 
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Method Cartridge Used Recovery Observations 
1 0.5g of cattle-
waste +10ppb of 
tylosin+2-ml of 
0.1M Citric acid 
(0.1M citric acid 
in 95% of 
methanol and 
5% water) +15-











2 0.5g of cattle-
waste+ 10ppb of 
tylosin+1-ml of 
0.1MCitric acid 
(0.1M citric acid 
in 95% of 
methanol and 











of ethyl acetate. 
No pH 
adjustments. 
3 0.5g of cattle 
waste+10ppb of 
tylosin+10-ml of 












4 0.5g of cattle 
waste+10ppb of 
tylosin+1-ml of 
0.1M Citric acid 
(0.1M citric acid 
in 95% of 
methanol and 
5% water) +9-ml 


















Tylosin was not 
retained on C-
18 phase and 





during the SPE 
process. 
5 0.5g of cattle 
waste+10ppb of 
tylosin+1-ml of 
0.1% Citric acid 
(0.1M citric acid 
in 95% of 
methanol and 
5% water) +4.5-














Tylosin was not 
retained on C-
18 cartridges. 




(0.1M citric acid 
in 95% of 
methanol and 
5% water) +9-ml 















(0.1M citric acid 
in 95% of 
methanol and 
5% water) +9-ml 
of ethyl acetate. 
pH of the final 
solution is 







































(0.1M citric acid 
in 95% of 
methanol and 
5% water) +9-ml 






8. LIST OF ABBREVIATIONS 
CDC -CENTRE FOR DISEASE CONTROL 
DNA -DEOXYRIBONUCLEIC ACID  
EDTA- ETHYLENEDIAMINETETRAACETIC ACID 
ESI- ELECTROSPRAY IONIZATION 
HGT- HORIZONTAL GENE TRANSFER 
HLB- HYDROPHILIC-LIPOPHILIC BALANCE 
HPLC- HIGH-PERFORMANCE LIQUID CHROMATOGRAPHY 
LOD- LIMIT OF DETECTION 
LOQ- LIMIT OF QUANTITATION 
NH4OH- AMMONIUM HYDROXIDE 
pKa- DISSOCIATION CONSTANT 
ppb- PARTS PER BILLION 
QPCR- QUANTITATIVE REAL-TIME POLYMERASE CHAIN REACTION 
r p.m- REVOLUTIONS PER MINUTE. 
SCX- STRONG-CATION CARTRIDGES 
SPE- SOLID PHASE EXTRACTION 
SPE-LC/MS/MS- SOLID PHASE EXTRACTION- LIQUID 
CHROMATOGRAPHY TANDEM - MASS SPECTROMETRY 
U.S -UNITED STATES 
USDA -UNITED STATES DEPARTMENT OF AGRICULTURE 
 
 
